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WELCOME

Robert L. Fisher

Scripps Institution of Oceanography
La Jolla, CA 92093

Today we are celebrating the 80th year, not 80th birthday, of each of two distinguished colleagues,
who — more importantly for today — are warm and modest and delightful humans, and good friends to
nearly everyone in this room: Russ Raitt and Vic Vacquier.

In my view a third friend is much in evidence: Bill Menard’s latest book, The Ocean of Truth,
became available in published and easily used form last week. It sets forth what many of us at Scripps
Institution of Oceanography would call the true story of plate tectonics, and exposes its real roots. Both of
these men figure prominently in Bill’s story. It can be argued, Russ, that you are the hero of Bill’s tale,

and, as one who saw you firsthand for some months on long expeditions in the 1950s and early 60s, I can
buy that view.

Victor Vacquier with Jean Francheteau from Paris.

This is indeed an impressive gathering of friends who are also professional colleagues, but there too
are several family members who have come to share in celebration today. These include: Mihoko
Vacquier, and Victor D. Vacquier (recording on video); and on Russ’s side of the aisle: Martha and Chris



2 Fisher

Harrison and their children, Alison and Dick Gist and Vickie, Craig Biddle and Sharon from Sacramento,
and La Jolla’s own Charles and Monique Biddle.

Russ Raitt’s shipboard investigations, in post-Midpac years in large part accompanied by Alan Jones
and the late Max Silverman, covered a very large part of the Pacific and most of the temperate Indian
Ocean. As a participant in most of these up to Lusiad Expedition, I gained a tremendous respect for Russ’s
dedication, his tenacity and stamina, and his improvisational abilities. His work with that of George Shor
and Tim Francis in the Indian Ocean has never been bettered in categorizing a major suite of tectonic
features throughout an ocean. Others in this room more recently have mined these data; no one has shot
better. For me, at least, the most fascinating results were those from the trenches, where all of us worked
to the limits of our equipment and our luck to establish what every schoolboy now knows as obvious, and
can clearly pronounce: "subduction."

Russ Raitt and Gerald B. Morris before opening of Symposium session.

Most of us at Scripps first knew of Vic Vacquier from his contributions at Gulf Research and
Development Company, where he had invented the flux-gate magnetometer. After its wartime use in
submarine detection, the technique was applied to airborne mapping. Vic co-authored GSA Memoir 47
(Vacquier, Steenland, Henderson, and Zietz, 1951): "Interpretation of aeromagnetic maps,” the handbook
and how-to-do-it publication on the subject. The instrument was modified for work at sea; it first surfaced
at SIO when Edward Titus Miller of Lamont Geological Observatory installed an instrument on Spencer F.
Baird for the Capricorn Expedition in the summer of 1952. This early experience led to Pioneer surveys
by Ron Mason and Art Raff in the mid-1950s that discovered and established the magnetic anomaly
lineation patterns off the western United States. These SIO data prompted the early, unfortunately-not-
published explanation by Canadian Lawrence Morley — a sobering story most recently detailed in Eos
(Morley, 1986).
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At SIO from 1958 on, Vacquier helped develop a simplified version of the proton precession
magnetometer for measuring total magnetic field. In the field he worked with Art Raff and Bob Warren to
extend well westward the pattern of magnetic lineations off the west coast. In August 1963 Vic received
AMSOC’s "Albatross” for "displacing the seafloor by 700 kilometers"; later accounts for geophysicists list
this figure as 1400 kilometers. Incidentally, this award ceremony represented a mere one-hour commute,
from San Francisco. It became Vic’s albatross in the poetic sense, too; he was enjoined to deliver it to
Henry Stommel, at Tokyo, in 1966.

Since the early 1960s Vacquier has made and supervised hundreds of measurements of terrestrial
heat flow in various oceans, in lakes such as Titicaca and Malawi, and in oil fields in Sumatra and Brazil.
In this work he taught, and learned from, such people as Dick Von Herzen, John Sclater, Chuck Corry, and
Pat Taylor.

A partial list of Vic Vacquier’s honors includes the Wetherill Medal of the Franklin Institute (1960),
AMSOC’s Albatross (1963), AGU’s John Adam Fleming Medal (1973) and SEG’s Fessenden Medal
(1975). At least two of these stemmed from his invention of the magnetic airborne detector and its impact
on exploration, a third for contributions in several fields of observational geophysics, the fourth for — as
Archimedes dreamed of doing — "moving the earth.”

Others today will outline Vic’s tremendous achievements, and show slides and tell sea stories about
his many SIO activities. My warmest memories are of the early sixties: of Vacquier the tireless tourist
going halfway along Java by jitney in the dead of night for a brief look at Bourabadour, or disappearing for
several days in the Mauritian French culture on the beach at Le Mome Brabant, or standing beside me on
Argo one night near Sunda Strait when we took her across the submerged crater lip of Krakatoa and
watched volcanic ejecta the size of Volkswagens being hurled up from Anak Krakatoa not far from Argo’s
bow.

Shipboard times around the globe with such men as Russ and Vic are unforgettable. But now let’s

recognize their ongoing influences, as marked by these reports of geophysical colleagues who are also their
warm admirers.

References

Morley, L. W. 1986. Early work leading to the explanation of the geomagnetic imprinting of the ocean
floor. Eos Trans. AGU 67: 665-666.

Vacquier, V., Nelson Clarence Steenland, Roland G. Henderson, and Isidore Zietz. 1951. Interpretation of
aeromagnetic maps. Geol. Soc. Am. Memoir 47:151 pp.




FORTY YEARS OF OCEANIC RESEARCH, AND
AN APPRECIATION OF
RUSSELL W. RAITT AND VICTOR VACQUIER

John G. Sclater*

Institute for Geophysics
University of Texas at Austin
8701 Mopac Blvd.
Austin, TX 78759

and

Elizabeth N. Shor

2655 Ellentown Road
La Jolla, CA 92037

Introduction

It is a great privilege to stand here in front of so many distinguished oceanographers to present an
appreciation of MPL on its 40th birthday by honoring the work of two scientists for whom I have long had
a high regard: Russell Raitt and Victor Vacquier.

It is especially gratifying to honor MPL on this occasion because I spent seven very rewarding years
at the laboratory and have a deep appreciation and respect for the distinguished scientists who have
directed it: Carl Eckart, Sir Charles Wright, Al Focke, Fred Spiess, and Ken Watson.

Today we recognize the research achievements of Russ and Vic.

Being a geologist by inclination but having had a classical physics education in Europe, I have
always had a high regard for scientists who have made important observations that have stood the test of
time. Russ and Vic are such scientists. What has struck me so much in reviewing their accomplishments is
the fundamental understanding they have brought to our knowledge of the ocean floor by their careful
observations and measurements, which form the central basis for the theory of sea-floor spreading.

They have both led remarkably interesting and productive careers. These involved an exciting and
varied childhood, industrial and war research after graduate school and finally a long period of productive
research at MPL and Scripps.

Both are seagoing observational scientists. Between them they have supervised about 20 Ph.D.
students and directed the research of an equal number of post-docs. Most of these students and post-docs
are still seagoing scientists. In fact, three of them — Larry Lawver, Roger Anderson, and John Hildebrand
— could not be here today because they are at sea. In addition, many of these students and post-docs are
now the current leaders in marine geology and geophysics, not only in the United States but also in Britain,
France, and Australia.

*Speaker, so represents the first-person pronouns.
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About Russ Raitt

Russell Watson Raitt was born in Philadelphia, Pennsylvania on September 30, 1907. His father was
a minister in the United Presbyterian Church with responsibility for founding new churches. In 1921
Russ’s parents moved to California, and Russ entered high school in Hollywood. He found it much more
sophisticated than schools he had known before. In fact, his parents decided it was a den of iniquity and
soon moved to South Pasadena, where Russ finished high school.*

In 1925 he entered the California Institute of Technology, partly because it was gaining a reputation
as an excellent school under the new leadership of Robert A. Millikan, but mostly because it was nearby.
There he was exposed to many outstanding teachers, such as Ira Bowen for sophomore physics, and Linus
Pauling, who supervised a research project of Russ’s in his junior year. He graduated in 1929 with a B.S.
in physics, travelled in Europe, and then worked for Hercules Powder Company for two years.

Russ returned to Caltech for graduate work in 1931. His doctoral work, under Millikan, was to
measure the radioactive content of a large number of dirt samples collected by Millikan and associates
around the world in their study of cosmic rays. His dissertation was titled: "Direct measurement of Alpha
particle activities of rocks and determination of thorium." Russ received his Ph.D. in 1935, and that same
year he married Helen Hill, whom he had known in the South Pasadena high school. He acquired an instant

family, Helen’s three children by her first marriage. Russ and Helen’s daughter Martha was born in
1939.%*
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Helen, her three children, and Russell Raitt, a few days after their marriage in 1935.

Also in 1935 Russ joined two Caltech geophysics graduates, Josh Soske and Raymond Peterson, in
Geophysical Engineering Corporation, a company established to look for oil fields. Their first project was
reflection prospecting in the Los Angeles basin. To interpret their reflection records, Russ had to obtain

*Some of this material is from a taped conversation among Raitt, G. Shor and E. Shor on 30 October 1984, which is the
source of quoted comments by Raitt.

**She is the wife of Christopher G. A. Harrison.
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velocity as a function of depth, and so he discovered that Beno Gutenberg had shot a long refraction profile
across the Los Angeles basin about 1933, to measure the depth of alluvial fill. It provided him with what he
called "a beautiful profile of the travel time versus distance which fit quite well to a linear velocity/depth
function.” The three-man field party also surveyed the Pasadena water basin for depth to the granite
basement, and did refraction prospecting in the San Joaquin Valley. By 1941 the company was definitely
declining. It had been "kind of fun," Russ said, "and I think we pioneered in some ways."

Having learned of a new laboratory being formed in San Diego, Russ visited it to talk to its director,
Vem O. Knudsen from the physics department of UCLA. The new laboratory was the University of
California Division of War Research, which Russ joined in the summer of 1941. Helen was quite
delighted, as she had always enjoyed being at the beach.

Russ’s work at UCDWR was in acoustics, using explosives and echo-ranging transducers to measure
sound propagation and scattering in the water and reflections from the sea floor. The available ships were
the E. W. Scripps, on loan from Scripps Institution of Oceanography, and the Jasper, a preempted yacht
later owned by SIO as the Stranger. Carl Eckart was head of one of the two divisions of UCDWR, which
included the echo-ranging section to which Russ belonged. Russ found him to be a "marvelous
scientist...he had such a wonderful conception of what was important in every thing he did."

During 1942, Russ and colleagues observed the phantom bottom, which registered as if the sea floor
was very shallow when it was known to be deep (Eyring, Christensen, and Raitt, 1948; Raitt, 1948). They
concluded that this was not an instrument problem, and called it the Deep Scattering Layer because it
scattered the sound waves. Biologist Martin W. Johnson suggested that the layer was composed of living
organisms, and on a sea trip in June 1945 he followed its daily cycle through 24 hours.

UCDWR began to be dismantled during 1945, and the Navy Electronics Laboratory was established
from it. However, Carl Eckart wanted a university affiliation; he almost gave up because of interminable
delays. Russ hung on, having chosen not to transfer to NEL. And on July 1, 1946 the Marine Physical
Laboratory of the University of California began operations. Its scientific staff members were: Carl Eckart,
Director and Professor of Geophysics; Russell W. Raitt, Senior Research Associate; Robert W. Young,
Research Associate; William C. Kellogg, Research Fellow (i.e., graduate student); Finn W. Outler, Marine
Supervisor.

MPL was joined to SIO instead of the University of California at Berkeley in 1948, when Carl Eckart
became director of both MPL and SIO. Russ became associate professor at SIO in 1949 and professor in
1956. He had begun teaching at SIO in 1947 a course in principles of underwater sound.

Russ’s first research at MPL was a carryover from UCDWR: analyzing oscillograms of bottom
echoes derived from vertical beams of 24-kc sound. He devised improved equipment and gathered more
reflection records at sea off San Diego. Using the bottom surveys done by the geological group under
Francis P. Shepard for UCDWR, he selected sites of specific sediments from rock to mud, and analyzed the
records for the dependence of echo amplitude and form on bottom type, depth and topography. By 1948 he
could say: "Observations of the reflection of ultrasonic sound from the sea bottom have been explained
reasonably well by the hypothesis that the sound is diffusely scattered from the ocean bottom, or from a
layer extending a few feet into the bottom" (MPL Quarterly Report, 1 Jan. - 31 Mar., 1948).

Early in 1948, Russ began reflection studies using explosives at sea, first on a 12-day trip to Erben
Bank (800 miles west of San Diego), on which he recorded 132 shots from 1/2 pound to 5 pounds of TNT.
By the middle of that year he was doing refraction studies with SOFAR detonators and 50-pound charges
of TNT. He quickly learned that hydrophone motion was lessened by floating the hydrophone at nearly
neutral buoyancy at depths of 100 to 200 feet. The TNT charges were fired from a motor whaleboat —
when practical. "Only a small percentage of the time did weather conditions permit operating in the deep
ocean beyond the continental slope” (MPL Quarterly Report, 1 Apr. - 30 June 1949). For that reason a
number of shallow-water profiles were recorded in the lee of islands such as Guadalupe, Cedros, and the
San Benitos.

SIO acquired Paolina-T, a former purse seiner, in 1948, and Russ began two-ship refraction profiling
in the spring of 1949 with that ship as the shooter and the EPCE(R):855 of NEL as the receiver. He shifted
to slow-burning time fuse instead of electric detonators so that the shooting ship could travel at full speed.
"It was found quite practicable to record 50 miles of profile, with shots about one mile apart, in an eight
hour working day" (MPL Quarterly Report, 1 July - 30 Sept. 1949).

In the experimenting of that era, Russ’s group tried various ways of measuring reflections from the
sea floor. They used hydrophones built by others, and they tried making their own. They used the "snake"
— a Jong plastic hose full of hydrophones devised by L. C. Paslay of Dallas, Texas. Russ thinks it may
have been the first towed seismic array.

In August 1949 Russ participated in the project of Merle A. Tuve to determine the structure of the
earth’s crust down to tens of kilometers. Tuve’s work was sponsored jointly by the Camegie Institution of
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Washington and the three-year-old Office of Naval Research. From the Paolina-T were fired six charges
of 1200 pounds, six of 2400 pounds, and one of 600 pounds. MPL recorded these at 13 ocean stations
while Tuve and associates recorded them at many land stations. As part of the same project Russ set up an
ocean station to record a quarry blast on August 6, 1949 at Corona (California) that used 156,000 pounds of
explosives.

In 1950 he participated in SIO’s first postwar cruise, Midpac — the Mid-Pacific Expedition. He
recorded some 1,200 miles of refraction profiles, including a reversed profile inside Kwajalein Lagoon and
many reversed profiles inside Bikini Lagoon and on the flanks of the atoll (Raitt, 1954). From the blue-
water profiles he was surprised to find the average sediment thickness of the Pacific Ocean basin very thin.
More detailed analyses revealed a low-velocity layer apparently related to volcanic rocks, later called
Layer 2.

On Capricorn Expedition in 1952 Russ recorded 2,542 nautical miles of profiles and experimented
with larger charges up to 480 pounds of TNT (MPL Quarterly Report; 1 January - 31 March, 1953). All but
four stations reached the Mohorovi¢i¢ discontinuity. The estimate of sediment thickness was of the order
of only 100 to 200 meters in many cases. In the Tonga Trench the sedimentary fill was no more than a few
hundred meters, and there the Mohorovici¢ discontinuity was 10 to 15 kilometers deep; elsewhere it was 5
to 10 kilometers deep. The low-velocity layer was again identified on many of the records (MPL Quarterly
Reports; Raitt, 1956; Raitt, 1957).

Helen joined Russ at Tonga for the last part of Capricorn Expedition, although she had not set out to

do so. She recounted that trip in a popular account Exploring the Deep Pacific (1956, W. W. Norton)
which was translated into several languages and sold worldwide.

Russ and Helen on Fiji during Capricom Expedition, 1952. Photo by Richard Von Herzen.

Russ continued reflection and refraction studies in the borderland (Shor and Raitt, 1958a, 1958b;
Shor, Raitt and McGowan, 1976) and, whenever possible, farther afield in the Pacific Ocean (Raitt and
Fisher, 1962; Shor, Menard and Raiit, 1971) and eventually into the Indian Ocean (Francis and Raitt,
1967). He — and George Shor, who joined MPL to work with Russ in 1953 — tried new kinds of
hydrophones, including ones on the bottom, towed streamers, and new techniques. But basically they
stayed with the methods that Russ had devised in his early years, because they worked.

Over the years, others adopted the techniques. Although the instrumentation and procedures were
described in two papers (Raitt, 1952; Shor, 1963), the spread of the methods was mostly through personal
contact: by visitors to Scripps, and by people whom Russ talked to abroad and on their own ships. The
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Top: Dale C. Krause (left) checking the echo sounder while Russ looks at a monitor seismic record;
Mukluk Expedition, 1957. Photo by Alan Jones.

Center: Russ (in stem) transferring to Hugh M. Smith from Baird; Fanfare Expedition, 1959. Photo
by Alan Jones.

Bottom: Launching a Jalbert kite-balloon to measure anisotropy, on Scan Expedition, 1969; (from
left) Russ Raitt, Gerald Morris, George Shor, Helen Kirk, and Fred Stone. Photo by Alan Jones.
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methods were adopted first by British and Soviet groups, then by the Japanese, and finally by geophysicists
at Lamont and Woods Hole in preference to methods they themselves had developed.

A summary of the most important discoveries from these wide-ranging surveys was reported by Russ
in The Sea, Volume 3 (Raitt, 1963): the small thickness of sediment in the ocean basins, and the
widespread existence of Layer 2, the material just beneath the unconsolidated sediments, now known to be
pillow basalts. Those who did refraction work in the Atlantic Ocean did not detect it, and so calculated
excessive thicknesses of the sedimentary layer. Russ detected it early, and worked to determine its nature.
In part he was lucky: Layer 2 was easier to detect in the Pacific, because the sediments are thinner on
average there than in the Atlantic. In part, it was an unexpected benefit of a quirk in field procedure. Russ
called for the small shots at close range at the shortest time intervals possible; he monitored the quietest
hydrophone on a pen-and-ink recorder, and thereby obtained detailed data over the limited range in which
Layer 2 appeared as a first arrival. Those researchers who waited to develop each photographic
oscillogram before calling for the next shot (the standard procedure in industry) had longer intervals
between shots and missed Layer 2.

Other significant observations by Russ through the years were the remarkable uniformity of velocity
of the oceanic crust, the small variations in depth to the mantle, and the accidental discovery of the low
mantle velocity beneath the East Pacific Rise. Russ’s early work in the borderland and around Guadalupe
Island provided the background for the site selection of the test holes and the location of the Experimental
Mohole drilled by CUSS 7 in 1961. From that came finally a sample of Layer 2: stark blue basalt. Russ
and Shor both served on the panel that chose a site near Hawaii for the not-yet-drilled Mohole.

Both of them were also drawn into the puzzling question raised by Harry Hess in 1964: why, in
refraction data taken by Raitt and Shor near California and Hawaii, did the velocity of seismic waves
within the mantle appear to be faster in an east-west direction than in a north-south one? The term is
anisotropy, and measurement of this small difference with any reasonable precision requires an elaborate
pattern of shooting and receiving, such that observations are distributed over at least one-half the arc of a
circle 30 miles in radius. The definitive experiment that finally proved the existence of anisotropy of
seismic velocity in the mantle involved five ships from four institutions on Show Expedition in 1966. Russ
was still pursuing the phenomenon on Scan Expedition in 1969 when he broke his leg while boarding a
longboat after a visit on the enigmatic island of Pitcairn. His doctoral student Gerald B. Morris completed
the scientific program of that expedition after Russ was airlifted to Tahiti (Raitt, Shor, Francis and Morris,
1969).

Besides enjoying going to sea, Russ has always loved to travel, and he has combined these pleasures
at every opportunity, which have included many tropical isles.

About Vic Vacquier

Victor [V.]* Vacquier was bomn in St. Petersburg, Russia, on October 13, 1907, his parents’ only
child. Both sides of his family were of French origin. His father, Victor Alfonse Vacquier, was a doctor.
In Vic’s early years an important family member was his maternal grandfather, Nicolas Isnard, an
internationally known businessman involved in transportation and the oil business in southern Russia.
During World War I this grandfather represented the Russian oil industry at the Imperial Ministry in St.
Petersburg. Vic’s father was a major serving as a doctor in the front lines.

After the revolution the family found it difficult to survive, and so decided to leave the country. In
the winter of 1920 Vic’s mother, Tatiana Isnard Vacquier,** a remarkably energetic woman, sold all of the
family possessions. With this money the family was able to escape in the middle of winter across the Gulf
of Finland. From there they got to France, where Vic completed the last three years of high school.

Then an American whom they had known in St. Petersburg befriended them: Charles R. Crane, heir
to the plumbing company and an occasional emissary of President Woodrow Wilson. Through his efforts,
Vic and his mother were able to move to the United States. Both of them enrolled in the University of
Wisconsin, and both received degrees in 1927: his mother a Ph.D. in Romance languages and Vic a B.S. in
electrical engineering. He continued in graduate work at the same university and obtained a M.S. in
physics in 1928. He and his mother discovered that they were illegal aliens, but through Crane’s manager
got student visas and in 1929 became U. S. citizens.

*Jt was Russian custom for a son’s middle name to be his father’s first name, which would make Vic’s middle name also
Victor; he prefers not to use it.

**She much later wrote a novel (not yet published) about the post-revolution years in Russia.
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Victor Vacquier and his mother after receiving degrees from the University of Wisconsin, 1927.

At the invitation of his former professor, L. J. Peters, who had joined Gulf Oil Company, Vic went to
work at the Gulf research laboratories in Pittsburgh in 1930. He married Vera Vinogradoff in 1931; their
children were Vivian and Victor D. Vacquier.*

Vic’s initial work at Gulf involved measuring and interpreting local and secular variations of the
earth’s magnetic field — a forerunner of magnetic-induction analysis. He soon began a project to find a
magnetic method for orienting cores. However, while designing an instrument to measure the field of the
very weakly magnetized samples, he developed a device that could measure the magnetic field very
quickly and with a sensitivity a hundred times that of previous instruments. This device became known as
the flux-gate magnetometer, one of his early patented devices (1946). When World War II began, Vic and
his colleagues used the instrument to make better magnetic mines. However, by chance, while testing the
mines, they found that the magnetometer was a remarkably good detector of submarines,

In 1942, Vic left Gulf for the Airborne Instruments Laboratory of Columbia University (located at
Sperry Gyroscope Corporation), to oversee the development of a magnetic airborne detector. By 1944 they
had an operational system that served very effectively to seal the Straits of Gibraltar to submarines — a
spot where those vessels were very difficult to detect acoustically.

While located at Sperry Gyroscope, Vic was a dollar-a-year professor in Maurice Ewing’s
department at Columbia University. With graduate student Nelson Steenland and U. S. Geological Survey
scientists Roland Henderson and Isidore Zietz, he wrote GSA Memoir 47, "Interpretation of Aeromagnetic
Maps" (Vacquier, Steenland, Henderson, and Zietz, 1951). He says that he has never used the technique
himself, but "they tell me this was the Bible on the subject before the computer age."

After the war the flux-gate magnetometer was developed for use in the oil industry by Gulf and
became one of the standard survey tools. In addition it was modified for use at sea. In the early 1950s

*Vivian died in an auto accident in 1987; Victor is a professor of biology at STO.
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Vic with a Schmidt vertical field magnetic
balance, for Gulf, early 1930’s.

Ronald Mason and Art Raff at MPL and SIO began a series of magnetic surveys off the west coast of the
United States. Raff and Max Silverman of SIO alternated trips on the U. S. Coast & Geodetic Survey ship
Pioneer as it carried out a hydrographic survey off southern California on a series of precisely navigated
east-west lines about five miles apart (Mason, 1958).

Meanwhile Vic had left the Columbia University laboratory to head a group at Sperry Corporation
making gyro-compasses. His group developed the Mark 19 (patent by Braddon and Vacquier, 1957) and
Mark 23 models. Itis a tribute to Vic and Sperry that these compasses are still in use after 30 years.

The development of the gyro-compasses took more than six years, and then Vic looked for a job
outside of industry where he would have more control over his own research. After visiting many
universities to look over their research programs, he accepted a position in 1953 at the New Mexico
Institute of Mining and Technology in Socorro. There he worked on exploring for fresh water in arid
areas, and came up with a technique of using induced electrical polarization (Vacquier, Holmes,
Kintzinger, and Lavergne, 1957). He also took an interest in the interpretation of the lincated magnetic
anomalies found by Raff and Mason off the west coast. He continued his work for the Department of
Defense and served on Project Nobska in 1956 that recommended the building of the Polaris submarines.
When Walter Munk delivered a commencement address at the New Mexico Institute, Vic first became
aware of the researches at Scripps Institution of Oceanography.

Vic’s technique of searching for fresh water became the subject of a lecture series under the auspices
of the Society of Exploration Geophysicists. He presented this talk at Scripps Institution, queried about a
position, and in 1957 joined Scripps at the invitation of Roger Revelle. Vic took over the magnetic group
at MPL as a research physicist. He became a professor at SIO in 1962, and taught a course in
geomagnetism.

At Scripps, Vic relieved Raff on the Pioneer, then with Robert E. Warren he modified the proton
precession magnetometer, working in the MPL workshop. Soon he went out on Scripps ships to extend the
magnetic survey to the south and on a few lines much further to the west. He found that certain distinctive
anomalies were repeated on the east-west profiles but that they were offset by 700 km. (Menard and
Vacquier, 1958; Vacquier, 1959). This offset exactly aligned with a fracture zone in the northeastern
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Vic at La Jolla Cove, 1958.

Pacific that Bill Menard had mapped (Menard, 1986). At that time, very few believed that the ocean floor
could move, but before long Vic had even extended the offset to 1420 km. (Vacquier, Raff and Warren,
1961).

In addition to interpreting magnetic anomalies, Vic developed a method using the topography of and
the magnetic field over a sea mount to determine the magnitude and direction of the magnetization vector
(Vacquier, 1962). The program that he developed to carry out these computations had a colorful history. It
was taken to England by Ronald Mason and used by one of his students, who lent it to Drummond
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Matthews and Fred Vine. It was a critical factor in their famous paper (Vine and Matthews, 1963) that
interpreted the cause of sea-floor magnetic anomalies, as they used Vic’s program to demonstrate that the
sea mounts they had surveyed on the magnetic anomalies over the ridge axis in the Indian Ocean had the
same polarity as the magnetic stripes. It was this feature that convinced at least one reviewer of the merits
of the paper.

‘When Richard Von Herzen left Scripps for a UNESCO post in Paris, Vic was persuaded to take over
the heat-flow program at MPL, which followed the pioneering work of Roger Revelle, Art Maxwell, Dick
Von Herzen and Seiya Uyeda. Harry Hess’s concept of sea-floor spreading (Hess, 1962) had as its central
piece of evidence the then recently published heat-flow profile across the East Pacific Rise (Von Herzen,
1959). It was Vic, together with Von Herzen, who showed that this correlation was true in the South
Atlantic and the central Indian Ocean (Von Herzen and Vacquier, 1966). Vic’s interest in heat flow
continued until his retirement in 1975. It included studies in Lake Malawi in Africa (Vacquier and Von
Herzen, 1967) and in Lake Titicaca in South America (Sclater, Vacquier and Rohrhirsh, 1970).

During his MPL years and since, Vic has developed: (a) a method for getting good heat-flow values
out of bottom-hole temperature surveys carried out in producing oil fields; (b) an instrument to enable the
rapid determination of the thermal conductivity of hard-rock cores; and (c) a method of estimating thermal
conductivity from standard well-logging techniques. He is still working on this last project, having
examined cores in Texas and having recently spent time at Institut Francais du Petrole in Paris working on
cores and logs.

In 1966, while spending time at the Earthquake Research Institute in Japan after Zetes Expedition,
Vic married Mihoko Wada, who was called to work for him at the institute as she knew both English and
Russian. Mihoko is an accomplished artist.

For his researches, Vic has received: the Wetherill Medal of the Franklin Institute (1960), in
recognition of the importance of the saturating core magnetometer and its development as a practical
airbome magnetometer; the Albatross Award of the American Miscellaneous Society (1963) for suggesting
that the ocean floor had moved hundreds of kilometers; the John Adam Fleming Medal of the American
Geophysical Union (1973) for "original research and technical leadership in geomagnetism and other
related sciences”; and the Fessenden Award of the Society of Exploration Geophysicists (1975) for "the
invention of the airborne magnetometer.”

Vic has always been modest about his own accomplishments. It has been and still is a pleasure to
work with him because he is so approachable and willing to listen to the work of others. Of particular value
to me has been his advice on the development and building of instruments.

In Conclusion

What has always impressed me about Russ and Vic is that, in addition to their scientific competence,
they have always been so energetic and enthusiastic about the work they were doing. Their interest in
going to sea, their ability to do high-quality work and to make it fun both for themselves and for others was
the keystone of the success of the marine geology and geophysics program at Scripps. They, with Bob
Fisher, Bill Menard, George Shor, Harmon Craig, Ed Goldberg, Fred Spiess and others, made Scripps
famous as a research institution in that marine program. The quality of work that these scientists were
doing at sea, their openness and the freedom with which the post-docs and students were treated are among
the factors that made Scripps such an exciting place for research on the ocean floor. They are also the
major reason that their students were so successful later in capitalizing on the advances to be made by
interpreting marine data within the concepts of sea-floor spreading and plate tectonics.

Looking into Vic’s and Russ’s lives has also taught me that research can be fun and vigorous after
the age of forty, and that it is possible to have an active and productive research career into one’s sixties —
especially if one remains an active sea-going oceanographer.
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Vic going native in Tahiti, 1959.

Vic on a typical day at sea.
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We are here today not only to celebrate the fortieth birthday of the Marine Physical Laboratory but
also to honor the research efforts and contributions that two of MPL’s premier scientists, Russell Raitt and
Victor Vacquier, have made.

What I would like to do, however, is dedicate my comments to the younger, in age but not in
enthusiasm, Russell Raitts and Victor Vacquiers, in the hope that what I can tell them about the Office of
Naval Research will help them understand the organization, its programs, and perhaps encourage them to
utilize this source of funding to pursue research of interest to the Navy in the future. I will start with a
programmatic presentation; after all, if you scratch a program manager, you’re going to get a program
presentation.
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Figure 1. Organizational chart of Office of Naval Research, about 1956-1958.
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This presentation is about the Office of Naval Research: its organization, programs and efforts.
Since ONR parallels so much of the history of MPL, I think it’s worthwhile to give some of the younger
members of the audience a bit of history and inform them as to how ONR has changed over the years. First
of all I will give a caveat: what I have to say here is unofficial; it does not represent official views of ONR
or official views of the Navy. These are my observations and opinions formed while having served in an
ONR program office for four and one-half years. I hope these observations will be enlightening.

First of all, let us examine the early ONR organization. I want to tell you about major components of
ONR in the early days and compare these with some of the current components. Figure 1 is the
organization circa 1956-1958, an organization headed by a Chief of Naval Research, a Rear Admiral. I
want to concentrate on three groups. The first is a research group under an Assistant Chief of Naval
Research. This is the group that funded university research, the non-profit laboratories, and commercial
laboratories. The second group is the in-house Navy laboratories, of which there were four. One of those
was the Naval Research Laboratory at Washington, which was the dominant laboratory. Scattered through
this organizational chart are other groups such as Naval Analysis, Warfare Areas, Technical
Developments: groups that attempted to capitalize on the basic understanding that resulted from the basic
research programs and to exploit this understanding into technology development areas, new systems, new
instruments, and new technologies.
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Figure 2. Divisions and scientific/technical program areas in the Research Group, about 1956-1958.

As seen in Figure 2, this Research Group under the Assistant Chief of Naval Research had seven
divisions: biological sciences, psychological, earth sciences, physical sciences, mathematics, materials, and
Naval sciences. There were some 27 scientific disciplines grouped under these areas. As seen in Figure 3,
the organization of these groups has not changed a great amount. They have been reordered and grouped;
some more management levels have been added, but in general there is a similar grouping of such scientific
programs within the current Office of Naval Research.

Figure 3 shows the current ONR organization. Two things to notice: there is still a Chief of Naval
Research, but the office and title have been expanded. The office is now known as the Office of the Chicf
of Naval Research, largely because there are two parallel organizations under this office. One is the
organization that we continue to think of as the Office of Naval Research, similar to what it was in the 1956
era. There also is an Office of Naval Technology. This is the group that supports work beyond basic
research, the more applied programs, the exploratory development programs, advanced development
programs, programs attempting to capitalize on the basic understanding and knowledge that comes from
the ONR basic research programs. In an attempt to promote transitions of knowledge and technologies,
they have tried to bring these groups into closer alignment and put them under the same parent
organization.
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Figure 3. Laboratories of the Office of Naval Research, 1986.

Under the ONR side of the organization there are five laboratories. The Naval Research Laboratory
in Washington is the largest with about 3000 members and continues to be the major in-house laboratory.
Of the four others: the Biosciences Lab is phasing down; NORDA was formed approximately ten years ago
and conducts oceanographic research; NEPRF is an environmental research facility in Monterey,
California; a new Institute for Naval Oceanography is being formed at NSTL [National Space Technology
Laboratory] in Bay St. Louis, Mississippi. We still have one major lab and basically three minor labs
within the ONR parent organization. One point to notice, however, is that many of the laboratories were
previously not devoted to natural sciences, whereas each of these current three are directed at
environmental sciences such as oceanography and meteorology. NRL is the major facility; it is roughly
eight to ten times the size of the other laboratories.
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Figure 4. Directorates of the Office of Naval Research, 1986.

Within the non-laboratory parts of ONR (Figure 4), there is an associate director and what used to be
known as the Research Group is now called the Contract Research Department. This is the department that
manages programs that are largely contracts with universities and non-profit organizations. This is the
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organization that provides most of the research funds for individual investigators at MPL and Scripps. We
have two other parallel directorates, Applied Research and Technology and Ocean Sciences and
Technology. This last group provides some long-term management that has both basic research programs,
exploratory and advanced development funds. Again the purpose is to bring a closer coordination between
the research community and some of the applications communities, particularly with respect to the Navy.
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Figure 5. Contract Research Department of the Office of Naval Research, 1986.

Within that Contract Research Department, there are four directorates (Figure S). There are now
twelve divisions whereas there were seven in the 1956-58 era. Two groups, mathematical sciences and
physical sciences, have been grouped into one directorate; others such as biological sciences and
psychological sciences have been grouped under a Life Sciences Directorate. There has been
strengthening of the Environmental Sciences Directorate; that used to be an earth sciences group, but now
includes chemical and biological oceanographic groups all under one Environmental Science Directorate.
This is the principal group with which Scripps and MPL interact.
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Figure 6. Environmental Sciences Directorate, 1986.

The Environmental Sciences Directorate is again divided into three divisions (Figure 6). The Ocean
Engineering Division includes special projects and ocean technology, and more special engineering
applications with oceanographic objectives in mind. The Ocean Sciences Division includes meteorology,
marine biology, marine chemistry, coastal sciences, and physical oceanography with physical
oceanography being the largest of the groups. The Geophysical Sciences Division includes arctic, geology
and geophysics, and acoustics and oceanography — a new title for this group which some of you may
remember as being called the Ocean Acoustics or Underwater Acoustics groups. A recent reorganization
combined those two acoustic groups.
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Figure 7. Engineering Sciences Directorate, 1986.

In general you’ll see that most of these are fairly broad scientific designators. As you examine other
groups, for example, the Engineering Sciences Directorate (Figure 7), you see divisions and titles which
convey the connection between the basic research in those groups and the Navy’s interest. For example,
engineering sciences is a rather broad field. They could deal with a lot of topics in that particular
directorate; nevertheless, they focus on metallic and nonmetallic materials, including special alloys,
ceramics and composite materials, but more on material properties as opposed to structures themselves.
One can understand that it is these properties the Navy is going to try to capitalize on, as far as research
vessels, aircraft, and operational vessels. The mechanics division concentrates on fluid mechanics,
turbulence problems, propulsions, energetics. In all of these one can see that they have not only good basic
research areas but also have direct applications to Navy programs.

That is a brief examination of the organization and what has happened over the last thirty years. We
see a couple of things that have happened: ONR has grown in its organizational structure, and it has
brought in new groups that are more Navy-oriented to parallel the research communities to strengthen the
transition from basic and fundamental research to some of the more applied communities. In general, there
are new titles and new names in some of the groups, but there have not been such large organizational
changes that one would not recognize the organization now if they had seen it back in 1956.

What has happened to the funding during this same time period? In Figure 8, I have purposely left
off absolute dollar figures to show only relative changes over the years. In the early years, the 1956-58 era,
roughly 20 percent of the funding went to Navy labs; 80 percent of the funds in basic research went to
non-Navy contracts, to the universities and non-profit laboratories. This was a category that was referred
to as core funding. It was divided on the basis of scientific disciplines, so much money in physics, so much
in mathematics, so much in geology and geophysics, and so on. In fiscal year 1988, the plans are for 22
percent of the money in basic research to go to the Navy labs, not a large change. I might comment here
that all of these laboratories have grown to the point that this money which makes up this 22 percent only
provides about a quarter of their support and funding; for the other 75 percent, the Navy lab scientists
propose through contracts, very much as the universities and the other laboratories do. About 72 percent of
this money still remains in the non-Navy contracts, but it has been further subdivided. There are now
monies which do not fit exactly into either one of these two categories but may go to both Navy labs and to
the non-Navy lab contracts.

The Accelerated Research Initiatives, ARI’s, are programs that are focused on particular scientific
issues that are proposed and presented by people like myself within the ONR groups. We propose to our
management to focus funds and priorities on specific technical areas for nominally five-year periods. The
University Research Initiatives are some I am sure that many of the people here at Scripps and MPL are
familiar with. These are similar sorts of programs as the ARI’s of five years’ duration, only these are
planned and presented by the university community directly to the ONR management as opposed to going
through the ONR structure itself. These URI’s are typically million-dollars-a-year efforts, lasting
nominally five years. There have been some recent awards: Walter Munk, and a group at MPL have
received one of the awards recently under this URI program.

ONR now has a large number of special funding programs; such as Selected Research Opportunities
Program, ONR Graduate Fellowship Program, ONR National Research Council Postdoctoral Cooperative
Research Associateships, Summer Faculty Research Programs, ONR Research Chairs, University-Navy
Laboratory Bridges Program, Historical Black Colleges Council, ONR Young Investigators Program, and
the DOD University Instrumentation Program. This last program has completed its five-year life cycle and
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Figure 8. Comparison of ONR funding between early years and current years.

many of you may be familiar with it. It was designed to provide funds for upgrading of instruments and
equipment needed by the universities to conduct state-of-the-art research and technology development.

Some of these other programs are to provide fellowships to graduate students, NRC [National
Research Council] post-docs — these provide postdocs to recent graduate students to work in Navy
laboratories to understand Navy research and Navy interest, faculty programs to bring people out of
university faculties into summer positions at Navy laboratories; there are ONR research chairs — one of
the oceanography research chairs Walter Munk now holds; there is a University-Navy Lab Bridges
Program to provide better communication between the university academic researchers and the Navy lab
researchers. There are a large number of programs now which have special focus or objectives beyond a
single science focus. Other programs are a miscellany of graduate programs, graduate fellowships, and
summer programs.

What we see in effect is: one of the terms which one hears now is matrix management. Where we
used to have a very direct flowing of money into scientific disciplines, what we have now is a funding
matrix. Along one axis one finds the scientific disciplines: physics, math, geology, and so forth; along the
other axis one finds the special program or interest categories with all their special funds. There is
something special or unique about those categories; they usually are striving to provide transition of
knowledge into applications; or to support university instruments; or to support a specific university
community or, in some cases, even a Naval laboratory community. There may be non-scientific
motivations originating these programs, but nevertheless the money does flow through this matrix into
areas of science. If you add the columns in one way, you get the total dollars in the science categories;
adding them the other direction gives dollars that are going into these various special programs. One finds
a more complicated arena as far as funding now than what existed thirty years ago. These new special
programs have largely taken place within the last five years.

In summary, what has happened to ONR over the last thirty years? There have been reorganizations
trying to strengthen ties between the 6.1, our basic research, and 6.2 and 6.3 or more applied and Navy-
relevant rescarch and development activities. That has been brought about in the ONR organizational
structure, and I believe ONR is seeking new ways to effectively capitalize on this basic research
knowledge that is coming out of these communities for Navy applications. I think we see more focused
research programs: ones that are focused both in time and on specific technical areas. Much of this
movement is the natural consequence of many programs having a finite life such as five years. At the end
of that period, the funds are available to generate new programs or invigorate existing ones. There is
constant movement of money from special program to special program. In general, there are many more
programs outside this scientific core funding. I believe that some of the older researchers may tend to think
in terms of these core programs and propose only at a particular scientific core discipline. I think that now
the community will have to think in terms of proposals directed at some of these new, special programs.
There will be the science involved in that program, but it will also have to meet certain requirements as far
as the guidelines of the specific program. Many of these special programs are managed out of other offices
at ONR, not at the scientific officer level that I have occupied for about four years, and it is more complex
coordinating all of these special categories of funds. I think it will be necessary for the younger researcher
to learn as much about these new programs as possible in order to capitalize on them in the future.
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At this special symposium it’s appropriate to start off by going back in time to identify myself as one
of the students in that first course in underwater acoustics that Russ Raitt taught back in 1947. That was
my introduction into underwater acoustics, and underwater acoustics has been in my life’s blood ever
since. I owe a vote of thanks to Russ for that transfusion. A few years later Russ was on my doctoral
committee, again influencing my future; it was his work on scattering and reverberation that inspired my
thesis topic on the deep scattering layer. One of the things that I recall most clearly from those early days
was Russ’s very strong emphasis on the importance of minimizing the system noise in making acoustic
measurements. That early impression must have been a lasting one because, since then, I've concentrated
my acoustics research on the measurement of background noise in the ocean, including the signal
processing and instrumentation associated with such measurements.

Now, 40 years later, I'd like to give you a glimpse of one of our current projects in instrumentation
for background noise studies in the ocean. The frequency region of interest is the VLF band (1 to 20 Hz),
the same region that Raitt found useful in his seismic-refraction studies. The difference here is that, while
for him the background noise in the ocean was an interference that limited the reception of the seismic shot
signals, that very background is the essence of our studies and any spurious seismic profiling signals
interfere with our background noise measurement. This VLF frequency band is set in context by the
summary plot from Kibblewhite and Ewans (1985) reproduced in Figure 1. There is a considerable spread
in the measurements by various experimenters as can be seen in the composite plot. In addition, there is a
disparity among the theoretical predictions by Hughes, Wilson, and Goncharov which are also shown. It is
apparent that our understanding of the nature of the background noise in the 1- to 20-Hz region is confused
at best.

Measurements in this VLF band are plagued with flow noise over the sensing hydrophones and/or
vibration or "strum” of the connecting cables caused by flow past the cable. The technique that Raitt used
to reduce this noise was to use drifting sensors, either a neutrally ballasted hydrophone that could be pulled
in close to the ship and then released on a slack cable to remain stationary with respect to the water during
the interval that the signal from a refraction shot was received, or in later years to use sonobuoys with RF
data links to the ship.

The approach we are taking is similar in that we are using drifting sensors to measure the ambient
VLF noise field. It differs in that the sensor packages are autonomous "Swallow" float buoys ballasted to
float at a depth of several hundred meters, well below the influence of surface waves and surface currents.
The buoys have the capability of recording up to 40 hours of digitally sampled data from a three-axis set of
accelerometers plus station-keeping pulse-timing data from an associated pinger system. Ten or more of
these VLF buoys will be simultaneously deployed as independent freely drifting sensors in a loosely
defined array configuration. Each will record the station keeping pulses from the other buoys in a "round
robin" sequence, thereby documenting reciprocal travel times between all of the pairs of buoys. Using
these reciprocal times the internal clocks of the buoy set can be corrected to a common time base to within
a millisecond, and travel-time separation between pairs can also be determined to within a millisecond.
From the dynamically varying relative geometry of the array as reconstructed from the pair separations,
and the common time base, the data sets can be coherently combined to form directional beams to estimate
the directional structure of the background noise field.

The details of the VLF buoys are shown in Figure 2. The electronics is contained within a 43-cm
diameter glass sphere. It includes the lead acid battery power supply, a 17-MB casselte tape recorder, the
control computer and associated CMOS buffer memory, a three-axis accelerometer set, a magnetic
compass, programmable gain-signal conditioning amplifiers and A/D converter, and acoustic-pinger and
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command-receiver electronics. External to the glass pressure case is a self-contained flasher for sighting
during surface recovery and a radio beacon for the same purpose. Trim ballast and releasable ballast for

recovery are suspended below the buoy, as is the acoustic transducer associated with the pinger and
command-receiver functions.

FLOAT 3, April 1987 Sea Trip: PINGER ECHOES
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Figure 3. Plot of time delay of retums from Swallow float.

The buoys weigh approximately 50 kg and are easily launched and recovered over the side of the
ship with a light davit. It takes about four hours for a buoy to sink to a 400-meter ballasted depth and
stabilize. The surface-to-depth transition is illustrated in Figure 3, which is a plot of the time delay of
returns from float number 3 as it listens to its own ping transmission. Each record is 45 seconds long. For
the first 350 records the buoy was on deck. After the buoy has descended into the region of the deep
scattering layer, nearby volume reverberation precedes the surface echo and its trailing surface
reverberation. In the later part of the record, internal wave motion with excursions as great as 10 m can be
observed.

Several sea tests have been carried out with the buoys. These have been engineering tests of the
buoy performance and deployment methods. Characteristic spectra from one of the data records are shown
in Figure 4. One feature that appears in the spectra is that above 5 Hz the dominant energy comes from the
horizontal. The vertical, z-axis accelerometer shows 10-dB lower spectral levels except for a few isolated
lines which probably originate from the nearby ships engaged in the experiment. The spectral levels have
been converted to equivalent acoustic-pressure spectrum level based on the assumption that the field is
composed of a large number of statistically independent plane waves. Using the same premise, all three
records are combined in a power sum to estimate the equivalent omnidirectional pressure-spectrum level.
For comparison, representative spectrum levels from sea deployments in April and May of 1987 are
superimposed on the summary data plot of Figure 1. It appears that we have indeed succeeded in
developing an instrument which can measure the true ambient noise in this VLF-frequency regime; these
spectral levels lie on the minimum of the data sets presented.
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Figure 4. Characteristic spectra from one of data records.

To date we have not carried out the coherent beam-forming analysis of data sets. However, the
results of our tests so far indicate that the data we are recording represent true VLF ambient noise, and,
further, that the element location system will provide the required precision for beam-forming analysis.
The directional spectral analysis is next on the list.
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IN MARINE SEDIMENTS
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Comments

I’m going to talk a little about some of the things I learned from Russ many years ago. One day I
asked Russ what I should do with some of the records that we took in the Bering Sea — this was about 25
years ago. These were very classy seismograms, high quality, even by today’s standards, I would say. I
asked him, "These are nice records, and they look as if we understand them, but what are we going to do
with them? What should I do about it?" I don’t recall exactly, but I think he got up and went for a walk.
But eventually he said, "Why don’t you make a numerical model of these things?" Of course nobody at
that time ever made a numerical model of anything. So I said, "Good, great — how do I do it?"

It turns out that Russ, with his physics background, provided essentially all the tools to make
numerical seismograms. He knew precisely what the instrument recorded. If there were a delta function,
pressure in the water or some kind of a time function in the water, he knew exactly what that instrument
would record. He also knew exactly what the explosions did. He didn’t know where his instruments were
all the time. I think that the Marine Physical Laboratory hydrophones don’t always go where they think
they do; they kind of wander up and down in the ocean.

Essentially, Russ was very pioneering in starting the idea of modeling seismograms. Since then
we’ve probably produced half a million or more seismograms of modeling. I would have to say that I owe
all my background in this to some rather strange conversations with Russ that were very productive.

Introduction

In this brief review I shall discuss some of the properties of seismic waves partially trapped between
the surface of the ocean and the sub-bottom structure. At the higher frequencies of 200 Hz it appears that
only the top few meters of the bottom structure are involved. However, there appears to be considerable
penetration into the sub-bottom at the lower frequencies of 5 to 20 Hz commonly used in refraction studies.
A sample of some observations of this type is displayed in the upper panel of Figure 1. These responses
are the output of three hydrophones at slightly different depths and ranges. The three data channels are
recorded after being low-passed (LP) and high-passed (HP) as indicated. Graphical explanations of the
various energy paths and labels, Pg, Pgz, PgPsy, and Pg Pgp are given in the lower panels. The pulse Py is
reflected by the density contrast at the water-mud interface and appears to be reasonably independent of ray
parameter as displayed in Figure 2. This record section was constructed from the low-passed trace and
aligned with respect to the high-frequency bottom reflection (s,) as labelled in Figure 1. (S,) indicates the
first multiple ocean-bottom reflection. At about 6 km a sub-bottom response, Pg , becomes apparent and is
caused by the critical angle phenomenon, essentially a triplication. A similar enhancement occurs for the
multi-bounce phases Py P and Py Py as they approach critical angles at the appropriate larger ranges; for
instance Pg; and Pgz Pg; have maximum amplitudes near 8 and 16 km, etc. The ratios of the various pulses
can be used to invert for the velocity, density, and attenuation properties of a parameterized bottom
structure (Figure 3). These synthetics were generated from a flat homogeneous layered bottom with the
overall velocity-depth function displayed in Figure 1 (Helmberger et al., 1979). The next set of multiples
peaks near 24 km, etc., and becomes quite predictable out to many bounces (Barker and Helmberger,
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